This special publication is the result of a symposium in honor of W. Armstrong Price held at the first SEPM Midyear Meeting at San Jos6, California, on August 12, 1984. Some papers were added after the symposium. The participation of Dr. Price in that symposium added greatly to its value and provided a sense of historical continuity to SEPM's role as the leading professional society for the study of sediments and sedimentary rocks. Armstrong Price has been a long-term SEPM member and a leading investigator of modem sedimentary processes. Thirty years before "process-respOnsen models became customary , Armstrong Price applied fundamental physical principles in his analysis of the sedimentary deposits on the south Texas coastal plain.
PREFACE
This special publication is the result of a symposium in honor of W. Armstrong Price held at the first SEPM Midyear Meeting at San Jos6, California, on August 12, 1984. Some papers were added after the symposium. The participation of Dr. Price in that symposium added greatly to its value and provided a sense of historical continuity to SEPM's role as the leading professional society for the study of sediments and sedimentary rocks. Armstrong Price has been a long-term SEPM member and a leading investigator of modem sedimentary processes. Thirty years before "process-respOnsen models became customary , Armstrong Price applied fundamental physical principles in his analysis of the sedimentary deposits on the south Texas coastal plain.
The factors controlling relative sea-level change along our shores are varied and, at best, imperfectly understood. Yet, the relative rate of change is what controls shoreline erosion, the arrangement of sedimentary facies of the coastal zone, and the character of disconformities within the coastal stratigraphic record. Therefore, these papers address sealevel changes, shoreline responses, and the controls on the three-dimensional geometry of the consequent lithosomes; in short, the architecture of the coastal depositional systems.
Part 1 specifically considers changes in sea level in historical time and includes discussions of our present understanding of the causes of those changes. Gornitz and Lebedeff present a thorough statistical analysis of global tidegauge data to substantiate their proposed 1.2 mm/yr "eustatic" sea-level rise. By further focusing on the North American part of that data set, they have derived accurate regional maps of local relative sea-level change.
Komar and Enfield present an interesting review of oceanographic factors known to cause short-term changes in sea level. In fact, many of the annual and decadal variations seen in Gomitz and Lebedeff's sea-level curves are explicable in terms of variations in the strength of ocean currents , breakdowns in global circulation patterns such as the El Niiio, and latitudinal displacements of principal storm tracks. Much of this short-term sea-level variability is considered "noise" in the longer record; but, as Komar and Enfield express it, "one person's noise is another's key to a better understanding of nature. "
Focusing on eastern North America, Braatz and Aubrey conclude that regional differences in relative sea-level change reflect postglacial adjustments in the land surface. It is also of great interest to see that Braatz and Aubrey's time series analysis reveals an increase in the rate of sea-level rise since the mid-1930s.
In part 2 the focus is on environmental and engineering concerns about the effects of the present rise of sea level. This concern is particularly relevant in view of current debate about the possibility of accelerated sea-level rise in response to a global greenhouse warming. If, as currently believed by many panels of the National Research Council, eustatic sea level will rise 75 cm over the next century, it is imperative that we conduct comprehensive research on the "engineering implications" of such a rise. This effort has already begun. The two papers by Everts and by Pilkey and Davis, included in this part of the book, and the papers by Wells and Kraft and co-authors in part 4, significantly advance our current predictive capabilities. The actual numbers for shoreline retreat rates in Virginia and North Carolina are, of course, important. The primary reason for including the papers in this volume, however, is to stimulate greater efforts among coastal geologists and engineers to use our communal knowledge to develop methodologies of increasingly greater reliability.
Part 3 presents studies of areas with a highly variable Holocene sea-level history, either due to postglacial isostatic adjustments and forebulge migration, or to localized faulting. Along coastal Maine, Belknap and co-authors reconstruct a Holocene sea-level history with a highstand of relative sea level about 13 ka, a lowstand from 10 to 9 ka and a relative rise with accompanying coastal onlap since.
Scott and co-authors document that postglacial sea-level history and sedimentation patterns in Canada's Maritime Provinces are directly controlled by position relative to the forebulge at maximum glaciation. Observed sea-level histories support the predicted theoretical pattern for crustal response to deglaciation , they constrain geophysical estimates of the late Wisconsinan ice thickness, and they offer explanations for a complex landward succession of coastal and shallow marine facies.
Newman and co-authors apply a different perspective by analyzing , first , the regional response to deglaciation-the southward tilting of an early postglacial datum-and second, the impact of local faulting on the sea-level history of the lower Hudson Valley. The conceptual approach to the analysis of local tectonic effects is particularly valuable and could with great benefit be applied to sea-level curves elsewhere. The interpretation of the sedimentary geological record has been greatly stimulated over the past few years by rapid conceptual advances in "sequence stratigraphy, " i.e., the attempt to analyze stratigraphic successions in terms of genetically related packages of strata. The value of the concept of a "depositional sequence" lies both in the recognition of a consistent three-dimensional arrangement of facies within the sequence, the facies architecture, and the regional (and inter-regional) correlation of the sequence boundaries. It has also been argued that many sequence boundaries are correlatable globally, and that they reflect periods of sea-level lowstand, i.e. , sequence boundaries are subaerial erosion surfaces.
The majority of the papers in this book has been assembled to document, in great detail, the actual stratigraphy and architecture of depositional systems of the coastal and shallow marine components of the most recent depositional sequences, those of late Quaternary age. The book, therefore, complements another SEPM Special Publication which is focused on the ancient geological record: Sea Level Changes-An Integrated Approach. Only a few papers in this book go back beyond the late Quaternary, and when they do it is to use the older rock record to develop further the concepts initiated in studies of Quaternary strata.
Part 4 consists of five papers which focus on the evolution of coastal depositional systems during the late Holocene. The first one documents that Holocene sea level has not been uniformly rising across the globe. In a fascinating paper on the deltas of the Brazilian coast, Dominguez and his co-authors document that sea level there has dropped about 5 m over the last 5,000 yrs causing extensive strandplain progradation. The sea-level fall was not uniform; shortterm periods of rise produced a series of internal unconformities within the strand-plain sequence.
Concurrent with this episode of sea-level fall, local relative sea level along the United States east coast and other mid-latitude coasts undeniably rose. Two papers from the United States mid-Atlantic region document the Holocene sedimentary response to this sea-level rise. For coastal Delaware, Kraft and co-authors document the significance of the antecedent topography (the sea-level lowstand surface) on the preservation potential of the transgressive coastal stratigraphic sequence. Their paper is also of value in erosion studies because they document many of the short-comings of the simple Bruun Rule for prediction of shoreline retreat. Specifically, the three-dimensional paths of sediment dispersal in the coastal zone and the grain-size composition of the eroding shoreface need to be considered in calculations of beach retreat.
Finkelstein and Ferland have analyzed a series of vibracores from the back-barrier environments of the Atlantic coast of Virginia and conclude that these extensive areas have evolved from large open lagoons, via tidal flats, into today's marshes. Consequently, extensive lithosomes with a fining-upward textural sequence have developed during the Holocene transgression of that coast. This is in distinct contrast to the more common coarsening-upward sequences in neighboring coastal Delaware, which are dominated by flood-tidal deltas and washover fans.
The Gulf Coast basin is characterized by very high rates of sediment supply, subsidence and relative sea-level rise. This setting has produced numerous regressive deposits during the late Holocene Epoch in spite of local relative sea-level rise. Wells' paper documents the evolution of the most recent example of these regressive deposits, the Atchafalaya delta. This delta is, in itself, a fascinating study of the initial phase of development of Mississippi subdeltas. It also serves as a timely reminder that one cannot assume, as has often been done in modeling of ancient depositional sequences, that sediment supply is constant during the buildup of a sequence.
The final paper on coastal depositional systems evaluates the relative preservation potential of wave-dominated and tide-dominated deposits along coastlines undergoing transgressions or regressions. As expected, Davis and Clifton find overwhelming evidence that regressive sequences have a higher preservation potential, and that preservation of transgressive facies successions is higher in tide-than in wave-dominated settings.
Part 5 expands the scale of investigations from the depositional systems of part 4 to the larger, unconformitybounded depositional sequences. Both papers address the Quaternary sequences in the Gulf Coast basin. Morton and Armstrong Price present an integrated account of the late Quaternary geology of the Texas coastal plain and shelf, a fitting statement to Dr. Price's life-long devotion to the Texas coast. The paper emphasizes the structural control on the arrangement of the depositional systems and the diversity of facies within individual depositional sequences in response to their location relative to major depocenters .
Suter and co-authors document the late Quaternary seismic stratigraphy of the western Louisiana continental shelf. Multiple episodes of sea-level lowstand have caused extensive dissection of the Louisiana shelf by channels of the Mississippi and Red rivers, as well as smaller coastal plain streams. During lowstand, the rivers built major prograding shelf-edge deltas. During subsequent sea-level rise, the entrenched valleys filled with bay-fill facies of great diversity. Also, the depth of transgressive truncation of individual sequences varies greatly, perhaps as a function of the rate of relative sea-level rise.
Part 6 contains two papers which focus equally on the boundaries of the depositional sequences and their internal architecture. These studies are particularly relevant to studies attempting to derive Phanerozoic sea-level histories from sequence-bounding unconformities . Demarest and Kraft argue convincingly that a differentiation of the transgressive ravinement surface and the "basal" sequence boundary (the late Wisconsinan lowstand surface in their example) is essential in order to infer correctly whether the transgressive or regressive hemi-sequence accounted for the majority of the deposits in a given depositional sequence. Because of the distinct lithologic contrast across the ravinement surface, this erosional surface is often misidentified as the sequence boundary.
Nummedal and Swift emphasize some basic principles which control the architecture of the transgressive part of coastal and shallow marine depositional sequences. Data for this analysis come from numerous Late Quaternary and Cretaceous examples, Significant emphasis is placed on erosional surfaces within the coastal and shallow marine sequences. It becomes clear that significant thicknesses of coastal plain fluvio-deltaic strata, and many continental shelf sandstones, are of transgressive origin. The paper also identifies sedimentological criteria which permit recognition of changes in water depth on continental shelves.
It is our intent in this book to present a comprehensive and timely account of the present understanding of how sealevel changes controlled the formation of unconformities , facies and depositional systems in coastal plains and shallow marine settings. Moreover, we feel that the contributions truly reflect an approach to coastal sedimentological research pioneered by William Annstrong Price.
For the editors, Dag Nummedal
Paying tribute to a legendary figure is, on the one hand, a very great honor, and on the other, a very great responsibility. This volume, dedicated to William Armstrong Price, will, by association with the topics and authors contained therein, provide some measure of the importance of Professor Price in the development of coastal geology not only as a field unto itself but as a genuine application of Uniformitarianism, however literally one chooses to define the term, to interpretation of the geologic record. To those of us who have had the privilege of knowing him as a mentor, colleague and friend, his impact on our thinking and work ethic has been profound.
In March of this year, Armstrong celebrated his 97th birthday, a day which found him working as usual at his desk and map table, and wearing his house slippers and green eyeshade, pencil in one hand and artgum eraser in the other-exactly as I remember him in September 1953 when I came to the Texas A & M College Department of Oceanography as his research assistant. I have never witnessed before or since an office so filled with maps, reprints and manuscripts or a person with such zeal and exuberence for his work. And, I might add, a person so patient and understanding of the ignorance that I presented to him.
He corresponded with everyone. He was the great communicator. He still is. I have an entire file drawer of his letters and messages written on post-cards, hotel stationery, backs of envelopes and 3 X 5 cards. Some of his most important comments were hand-written in the margins and between the lines of type, obviously as afterthoughts following the original text. He solicited advice and information from multitudes, particularly his students.
His field trips to the coast were buffets of geology, Indian lore and Texas and Mexican history-and, if he was driving the carryall, often terrifying. He would tell of the vicissitudes associated with field work on horseback and on foot in West Virginia, Texas and Out West. His anecdotes were as instructive as they were delightful. I hesitate to name the geologists, now pre-eminent in their field, on whom his papers and his personal contact or correspondence had such a mighty impact, for fear of omission of many-but they know who they are.
He was asked in 1984 which of his published papers he liked the most. He suggested that the paper "Development of the Basin-In-Basin Honeycomb of Florida Bay and the Northeastern Cuban Lagoon, " given at the GCAGS Meeting in Mexico, must have been of importance to some. This modest man didn't mention such classic papers as the "Role of Diastrophism in the Corpus Christi Area, South Texas" (AAPG v. 17, 1933) ; "Lissie Formation and Beaumont Clay in South Texas" (AAPG v. 18, 1934) In 1973, Armstrong was awarded the Society of Economic Paleontologists and Mineralogists Francis P. Shepard Medal for his contributions to the field of coastal and marine geology. This honor was particularly fitting because these two gentlemen of science were of similar vintage and character and laid the foundations upon which we and our younger colleagues build today. Always ready and eager to challenge dogma and stagnant thought, Papa Price is truly a man for all seasons. 
